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REMARKS/ARGUMENTS 

Reconsideration of this application is requested. Claims 1, 2 and 5-15 will be pending in 
the application subsequent to entry of this Amendment. 

In this response the claims have been amended in order to more particularly point out and 
distinctly claim that which applicants regard as their invention, to further specify preferred 
aspects of the description and to advance examination generally. The amendments made to the 
claims as well as new claims 8-15 find basis in the original description at the relevant passages 
mentioned in the discussion that follows. The amendment of these claims and the new claims 
therefore do not present added subject matter. 

The Official Action presents three separate prior art-based rejections directed to various 
of the originally filed claims. Each of these rejections is believed to be addressed and responded 
to by the above amendments and comments that follow. 

In item 2 of the Official Action claims 1 and 4-6 stand rejected as being anticipated by 
Rouault et al U.S. 5,739,503. Claim 1 has been amended, claim 4 deleted and claims 5 and 6 
remain dependent from claim 1. 

Regarding claim 1: Claim 1 was amended based on the description of paragraph [0045]^ 
in the present Detailed Description of the Invention. 

Accordingly, now the present invention is characterized by specifying the concentration 
of the nitrogen gas being 5 to 95 vol% and is distinguishable from Rouault. Furthermore, 
Rouault teaches away, saying "This is why it has been envisaged to add relatively large amounts, 
greater than 5%, of nitrogen to the shielding gas. However, this has resulted in undesirable 
effects on arc stabiUty completely unacceptable for manual welding..." (column 1, line 50 to 
column 2, line 2), which is the opposite of the large amounts employed in the present invention. 
Therefore, the present claims are not anticipated by Rouault. 

In item 3 of the Official Action claims 2 and 3 are rejected as allegedly being anticipated 
by East German document DD133538, This rejection is traversed. First, claim 3 has been 
withdrawn (but now appears as new claim 9). 



* Refers to paragraphs in U.S. 2004/0188391 Al, the published version of the subject application. 
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Regarding claim 2: Claim 2 was amended based on the description of paragraph [0048] 
in the present Detailed Description of the Invention. Accordingly, the welding shield gas of 
claim 2 excludes the presence of nitrogen gas. In contrast, DDI 3353 8 discloses that He must be 
present and in a significant amount. Therefore, claim 2 is not anticipated by DDI 33538. 

Regarding canceled claims 3 and 4: Claim 3 was canceled as the features were 
incorporated into new claim 9. Claim 4 was canceled as the features were incorporated into new 
claims 8. 

Regarding claims 5 and 6: Claim 5 is dependent on claim 1. Claim 6 is a welding 
method in which the welding shield gas is defined in claim 1. 

In item 5 of the Official Action claim 7 has been rejected as being unpatentable 
("obvious") over Rouault, as discussed above further in view of Davis et al U.S. 5,440,090. 

Regarding claim 7: Claim 7 was amended based on the description of paragraph [0057], 
and is concerned with a welding method to weld a fixed tube. Neither Davis nor Rouault 
describe or suggest applying the welding material to weld a fixed tube. 

To explain, fixed tube welding is a method in which a welding torch or the like is rotated 
with respect to the tube welding material (work piece; object to be welded) so as to move the arc 
in the direction of the circumference of the tube. That is, the welding material is not moved but 
the torch is moved during welding the fixed tube. It is difficult to uniformly weld the entire 
circumference because the welding position varies and different gravitations are applied on the 
weld pool at each welding position around the tube. 

However, it is possible to prevent welding problems in fixed tube welding by improving 
the penetration shape of the weld zone and the bead progress characteristics. 

The cited references do not disclose nor suggest the problem to which the present 
invention is directed — to improve the bead progress characteristics and the penetration shape in 
fixed tube welding. Necessarily these problems cannot be solved from these references. 
Therefore, the present invention, which can solve problems which are not disclosed in the 
references, is not anticipated by the references. 

Furthermore, in fixed tube welding, i.e., all position welding, the weld pool precedes the 
arc in downward welding, so the welding is affected by a negative influence from the slag on the 
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surface of the weld pool. Therefore, the present welding method which does not give rise to a 
slag is particularly suitable for fixed tube welding. 

This Amendment includes a series of dependent claims 8 and 10-15 all dependent from 
claim 6 as well as new independent claim 9 directed to a method of welding a material 
comprising austenitic stainless steel using the welding gas shield comprising an inert gas, 
nitrogen gas, and helium gas in the concentrations specified. Claim 9 is based upon original 
claim 3 but directed to a method for instance as described in paragraph [0057] and elsewhere 
throughout the description. It is submitted that these claims define subject matter that is both 
novel and non-obvious. 

Regarding new claims 8 to 15: Claim 8 was added as a method claim incorporating the 
features of claim 4. Claim 9 was added as a method claim incorporating the features of claim 3. 
Claim 10 was added based on the description of paragraph [0051]. Claim 11 was added based on 
the description of paragraph [0061]. Claim 12 was added based on the description of paragraph 
[0064]. Claim 13 was added based on the description of paragraph [0065]. Claim 14 was added 
based on the description of paragraph [0117]. Claim 15 was added based on the description of 
paragraph [0118]. 

All of the claims now pending in this application are patentably distinguishable from the 
combination of the cited references, and should be allowed. Reconsideration and favorable 
action are solicited. 



ARC:eaw 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 



Respectfully submitted, 




Arthur R. Crawford 
Reg. No. 25,327 
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WELDING SfflELD GAS AND WEIJ)ING 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1 . Field of the Invedtion 

[0002] The prcscDt invention relates to a welding shield 

gas used in weldiiig stainless steel, in particular, auslcmiic 

suinless steel, and in particular, to a welding shield gas 

appropriate for non-oonsumable electrode arc weklmg in 

which the precision of the welding is important; and relates 

to a welding method using the same. 

[0003] Priority is claimed on Japanese Patent Application 

No. 2003-096770, filed Mar. 31, 2003, the content of which 

is incorporated herein by reference. 

[0004] 2, Description of Related Art 

[0005] Generally, stainless steel tubing is used as tubing 
for supplying a gas used in semiconductor fabrication and 
the like to the fabricating apparatus. 

[0006] In the welding of tubes, a Don-consumable elec- 
trode arc welding, for example, l-lype butt welding using 
automatic TIG (tungsten inert gas) welding without using a 
filler material, is widely used. As a shield a mixed gas 
consisting of At and several percent Hj or pure At can be 

used. 

[0007] The weld zone of the tube preferably does not have 
irregularities on the surface thereof. In particular, it is 
important that at the inner wall surface of the tube at the 
weld zsone, the penetration bead of the weld zone does not 
form iiiegularilies with respect to the inner wall surface side 
of the tube, and fnrtherrootc, the bead width must f aU within 
a suiuble lang^. 

[0008] For example, in the I-type bull welding, when the 
heat input during welding becomes excessive, the amount of 
melting becomes excessive, and the weld zone considerably 
widens. In the case of flat position welding, due to the 
influence of gravity and the like, the bead penetration forms 
a protrusicm with respect to the inner wall surface. In this 
case, fine metal particles called fume are ejected into the 
tube, and thereby contamination of the supplied gas due to 
these particles easily ocaus. 

[0009] In addition, both weld meul having low corrosion 
resistance and the heal affected zone in the weld zone arc 
present, and thus when the amount of melting is excessive, 
diere is the problem that corrosion occurs over a wide area. 

[0010] In addition, when heat input into the weld is 
insufficient, the stabiUly of the arc deteriorates due to 
consumption of the electrode, or the weld is mispositioned 
due to human enor, the abutted parts arc not completely 
melted up to the inner wall surface of the tube and thus 
irregularities form due to clearances between the abutted 
parts of the tubes. In this case, a concavity that forms 
becomes dead space, and dust particles may accumulate 
therein. Thus, there is the problem that these accumulated 
particles are carried atong with the supplied gas to cause 
contamination. 

[0011] Furthermore, there are the problems that air present 
in a concavity makes gas exchange difficult and contami- 
nates the supplied gas with impurities. 



[0012] In addition, when supplied gas is a corrosive gas 
that is used, for example, in semiconductor fabrication, there 
are the problems that crevice corrosion in a concavity is 
exacerbated, the metal corrosion products generated due to 
the crevice corrosion peel off. and thereby the supplied gas 
becomes contaminated. Furthermore, due to a concavity, 
there is the problem that the mechanical strength of the tube 
deteriorates. 

[0013] Thus, a method for inspecting the weld zone has 
been proposed that has as an object confirming whether or 
riot the weUing has been properly carried out (refer to 
Citation 1: Japanese Unexamined Patent AppIicaticMi, Fiist 
Publication No. 2001-074712). 

[0014] It is possible to improve the reliability of the tube 
if the weld zone is io^wded, bat because the in^)ection is 
not a complete solution to this problem, a method that 
prevents the welding problems themscWcs is desired. 

[0015] In addition to insufficient heat ii^ut mto the wekl, 
the deterioratiOT in the stability of the arc due to consump- 
tion of the elcctiode> or the misposiliomngof the weld is due 
to human enor, one factor that hinders the complete melting 
of the abutted parts is the deterioration of the bead progress 
caused by slag that forms on the surface of the weld pool 
during welding. 

[0016] When the bead progress deteriorates, even if the 
targeted position of the weld is accurately aligned with the 
abutted parts, there are cases in which the center position of 
the bead becomes separated from the abutted parts, and the 
wall surface in the lubes of flic abutted parts are nol 
completely melted. 

[0017] The deterioration of thebeadprpgrcssoocurseasay 
when the diameter of the tube is not less than 20 mm and the 
diickness is not less than U mm and equal to or less than 
3 mm. hi addition, when the welding current used is in a low 
current region of nol more than lOOA, bead progress dete- 
riorates easily. 

[0018] It is known that the arc easily becomes unstable 
when the weldmg current is low, and to improve the stability 
of the arc, a pulsed welding method, m which the welding 
current is periodically set to a high value, is efifedive. By 
using pulse welding, the bead progress can be improved to 
some extent. 

[0019] However, completely preventing the welding prob- 
lems by using this method has been difficult 
[0020] In addition, when the weld current is pulsed, there 
is a tendency for the bead face width to become wide in 
comparison with the penetration bead width, and diere arc 
the problems that a weld zone is fomaed larger than is 
necessary, the method of setting the welding conditions 
becomes complicated, and residual defects in the abutted 
parts that cannot be discovered by visual inspection of the 
outer surface of the tube occur easily. 

[0021] As a measure that can be taken against the dete- 
rioration of the bead progress, increasing die welding speed 
and increasing the weld current can be considered. However, 
when the welding speed and the weld current are increased, 
the weld penetration deteriorates, easily causing, for 
example, undercut and an increase in the amount of con- 
cavity. 
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[0022] Id addition, if the groove shape has a single-V 
groove or a single-U groove and the root surface height is 
made as small as possible, residual defects in the abutting 
parts occur with difficulty. However, io this case, because a 
costly automatic welding inachine that can add a filler 
material becomes necessary, there is a drawback in terms of 
cost, and the welding method becomes complicated. In 
addition, there is the problem that oontaminatioD inside the 
tube occurs easily during the groove preparation due to oil, 
particles and the like. 

[0023] Widening the bead width such that the abutted parts 
can be welded even when progress characteristics deterio- 
rate or using manual welding can also be consideied as 
measures to be taken against bead progress deterioration. 

[0024] However, there are the problems that widening the 
bead width invites deterioration in the weW quality and 
using mamial welding requires much labor, which in turn 
causes a lowering in the welding efBcieocy. 

[0025] There is also the possibility that sUg generated in 
the weld pool may contribute to the deteiioratioo in the bead 
progress. Using a tube consisting of a material having a 
reduced ^tg component content can be considered to prc-> 
vent slag generatioo (refer, for exanqile, to Japanese Unex- 
ammed Patent AppKcatmns, First Publication Nos. Hei 
.7-197203 and 2002-220618). 

[0026] However, when using a tube consistiiig of this 
material, a sufficient effect is not obtained under the welding 
conditions or tube shape described above. 

[0027] As described above, compklcly preventing weld- 
ing problems is difficult usirig already existing tedmology. 

[0028] la consideration of the problems described above, 
it is an object of the present invention \o provide a welding 
method that does not cause a deterioration in the welding 
efficiency and prevents the occurrence of welding problems 
at low cost when welding stainless steeU and a welding 
shield gas that can be used with the same. 

SUMMARY OF THE INVENTION 

[0029] The preset inventors focused on the composition 
of the shield gas and the components thereof and discovered 
that the bead progress could be improved. The present 
invention is based on this knowledge. 

[0030] TTic weUing shield gas of the present invention is 
a shield gas used in the non-consumable electrode arc 
wekiing of a welded material comprising austenitic stainless 
steel having a Ca concentration not less than 1 wt.ppm, and 
incorporates an inert gas and nitrogen gas, where the con- 
centration of the nitrogen gas is 1 to 95 vol %. 

[0031] The welding shield gas of the present invention is 
a shield gas used in the non-consumable electrode arc 
welding of a welded material comprising austenitic stainless 
steel having a Ca concentration of not less than 1 wt.ppm, 
and incoqioralcs an inert gas and helium gas, where the 
concentration of the helium gas is 35 to 95 vol %. 

[0032] The welding shield gas of the present inveutioa is 
a shield gas used in the non-consumable electrode arc 
welding of a wekled material comprising austenitic stainless 
steel bavii^ a Ca concentration of not less than 1 wt.ppm, 
and mcorporates an inert gas, nitrogen gas, and helium gas. 



where the concentration of the nitrogen gas is equal to or 
greater than 1 vol % and less than 65 vol %, and the helium 
gas concentration is 35 to 95 vol %. 

[0033] The wekliqg shield gas of the present invention can 
be used in the case that the welded material has either one 
or both of an Al concentratkin that is not less than 10 wt.ppm 
and a Si ocmcentration that is not less than 03 wt. %. 

[0034] The inert gas is preferably argon. 

[0035] The welding method of the present invention uses 
the welding shield gas described above, and a welded 
material consisting of austenitic stainless steel is welded by 
using non-consumable electrode arc welding. 

[0036] The welding method of the present invention can 
be used for fixed tube welding. 

[0037] In the welding method of the present invention, a 
welding shield gas is used that consists of an inert gas* 
nitrogen mixed gas (a nitrogen concentration of 1 to 98 vol 
%), an inert gas-helium mixed gas (a helium concentration 
of 35 to 95 vol %), or an inert gas-nitrogen-helium mixed 
gas (a nitrogen concentration not less than 1 vol % and less 
than 65 vol % and heUum concentration of 35 to 95 vol %), 
and thereby the following eftects are attained: 

[0038] (1) It is, possible to improve the bead progress 
easily without using any special equipment or mate- 
rials. Tlicrcfore, it is possible to prevent the occur- 
rence of welding prc^lems without decreasnig the 
welding efficiency and at a tow cost. 

[0039] (2) In the case that nitrogen is induded in the 
mixed gas described above (for example, the mert 
gas-nitrogen mixed gas), because inexpensive nitro- 
gen gas is used, lowering of the cost becomes 
possible in comparison to the case of using a shield 
gas con^sting only of an in^ gas (fi>r example, 
argon) or a mixed gas that includes a helium gas. 

[0040] (3) In fixed tube vtreUling in whkh the welding 
positioD changes during the welding process, it is 
pos^le to improve not only the bead progress, but 
also the penetration shape of the weld zone by using 
the mixed gas described above. Therefore, it is 
possible to prevent weldii]^ problems. 

BRIEF DESCRIFnON OF THE DRAWINGS 

[0041] FIGS. 1 to lOB are photogr^hs showing the test 
results. 

[0042] FIG. U is a graph showing the test results. 

DETAILED DESCRlPnON OF THE 
INVENTION 

[0043] Below, the embodiments of the present invention 
are explained, but the present invention is not limited by 
these embodiments. 

[0044] In the welding method of the present embodiment, 
a welded material is welded by using noo-consumablc 
electrode arc welding. Non-consumable electrode arc weld- 
ing is an arc welding method in which the electrode is not 
consumed, and examples thereof arc TIG welding and 
plasma arc welding. In the present embodiment, a welding 
torch is used that provides an electrode and shield gas supply 
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equipment, and a method can be used in which arc welding 
is carried out using this electrode while the shield gas &om 
the su^ly equipment flows towards the welded material. 

[0045] Id the present embodiment, a welding shield gas is 
used that incorporates an inert gas and a nitrogen gas (N2), 
where tho-fieneeitration of the nitrogen gas is 1 to 95 vol %. 
Mpre^preferablv, the nitrogen gas concentration is not less 
tba^ 5 vol more preferably not more than 50 vol %. 
SpeoficaDjCpreferably the nitrogen gas ooocentration is 5 to 
50 vol %. When the concentration of the nitrogen gas is less 
than this range, the ef ect of increasing the bead ingress 
deteriorates, and when the concentration of the nitrogen gas 
exceeds this range, defects in crater filling (final treatment) 
occur easily. In addition, welding cracks occur easily. Fur- 
thermore, arc ignition characteristics duripg the welding 
start-up deteriorate. 

[0046] As the inert gas described above, one inert gas 
selected finm among argon, neon, krypton, or helium can be 
used, or a mixed gas consisdng of two tn more of these inert 
gases can be used. Among these, aigon is partiailarly 
preferable. 

[0047] In the present embodiment, a wekling shield gas 
can be used that incorporates an inert gas and helium (He), 
where the coDcentratiDa of die helium is 35 to 95 vol %. 
When the concentration of helium gas is below this range, 
the effect of increasiog the bead progress deteriorates. When 
the concentration of helium exceeds this range; the arc 
ignition characteristics during welding start-up deteriorate. 

[0048] As the inert gas described above, one inert gas 
selected Jiom among argpn, neon, or krypton can be used, or 
a mixed gas consisting of two or moitt of these inai gases 
can be used. Among these, argon is particularly preferable. 

[0049] In the present embodiment, a welding shield gas 
can be used that inooqiorales an inert gas, mtrogen gas, and 
helium gas, where the ooooentraion of ^e muxjgen gas is 
not less than 1 vol 9& and less dian 65 vol and the 
concentration of the helium gas is 35 to 95 vol %. The 
concentration of the nitrogen gas is more {xe&rably not less 
than 5 vol %, and more preferably 50 vol % or less. When 
the concentration of die nitrogen gas or the helium gas is less 
than diis range, the effed of increasing the bead progress 
deteriorates. When the concentration of die nitrogen gas or 
helium gas exceeds this range, de&cts in crater filling (final 
treatment) occur easily. In addition, weMing aadcs occur 
easily. Furthermore, arc igoidon characteristics during the 
welding start-up deteriorate. 

[OOsdf' As the inert gas described above, one inert gas 
selected from among argpn, neon, or krypton can be tised, or 
a mixed gas consisdng of two or more of these inert gases 
can be used. Among these, argon is particularly preferable. 

([0051] Note that the welding shield gas of die present 
embodunent can incorporate an inert gas, nitrogen gas, and 
helium gas, vt^re die combined conoentration of the nitro- 
gen and helium is 35 to 95 vol %. 

^(LwA. 0 [0052] An object of the welding method of the present 
embodiment is a welded material consisting of stainless 
steel. In particular, the present invention may be applied to 
a welded material consisting of austenitic stainless steeL 

[00S3] Austeoite stainless steel having a Ca concentration 
not less dmn 1 wtppm is an example of a welded material 



In the case that the Ca concentrarion of Ibe welded material 
is within this range, dag that includes Ca is easily generated, 
and there is a concern that this slag wiU cause a deterioration 
in the bead progress. By using the present embodiment, even 
in the case diat the Ca concentration is widiin this range, the 
formation of slag can be suppressed, and superior bead 
progress characteristics can be obtained. 

[0054] In the welded material conosdng of auslenidc 
stainless steel, in the case that die Ca ooncentratiDn is not 
less than 1 wtppm, and further, one or both of die Al 
concentration is not less than 10 wuppm and the Si concen- 
tration is not less than 03 wtppm, the bead piogiess 
characteristics deteriorate easily. If die present embodiment 
is used, even in the case dial ih^ oonoenlratioiis are in these 
ranges, die CormatK>n of slag can be suppressed, and superior 
bead progress characteristics can be obtained. 

[0055] Note that the present embodiment can use austen- 
idc stamless steel in which at least one of the Ca concen- 
tration is not less than 1 wtppm, the Al concentration is not 
less than 10 wt.ppm, or the Si concentration is not less than 
0.3 wt.ppm. 

[0056] A mbe (tube shaped body), plates, and die like are 
examples of the forms of the welded material. In particulai^ 
die present embodiment is preferably used on tubes. 

[0057] The welding method of die present embodiment 
exhibits a remarkable effect when used in fixed tube weld- 
ing. Fixed tube welding is a method in which welding is 
carried out by moving a weMing torch or die like while the 
welded matoial reroSis statioM ry^whcn the wekied mate- 
rial cannot be moved during welding due to being fixed to 
another fixed object (a building, anodier tube, or the hke). In 
fixed tube welding, normally, welding is carried out while 
the welding torch and the like is rotated widi respect to the 
tube, and the arc is moved in a drcumferential direction widi 
respect to the tube (circumferential welding). Fixed tube 
wekling is used in welding of tubes that are fixed to a fixed 
object (a buildmg or the like) via a mbe support or the like, 
aiKl in welding that uses an automatic welding machine for 
test piece production or die like in order to set the weldmg 
conditions. 

[0058] In fixed tube welding, it is not possible to arbi- 
trarily choose die welding position, and welding problems 
easfly occur, but it is possible to prevent diis by using die 
present embodiment. 

[0059] The present embodiment can have as an object a 
horizontal fixed tubing diat is disposed horizontally or a 
vertical fixed tubing diat is disposed vertically. In particular, 
in a horizontal fixed mbe, die penetration shape of the wekl 
zone may easily become unstable because the weldiag 
position changes during the welding process, but by using 
die present embodimeot, it is possible to prevent chai^ges in 
die penetration shape of the weld zone, and it is possible to 
prevent welding problems. 

[0060] Note diat the welding method of the present 
embodiment can be applied to rotating tube welding. Rotat- 
ing tube welding is a method in which the welding torch or 
die like is not moved, and welding is carried out while 
rotating die tube in a circumferential direction. 

[0061] The welding method of die present embodiment 
exhibits die remarkable effect in die case that it is applied to 
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a welded material having a thickness not more than 3 mm (m 
particular, not less than 1.2 mm and not more than 3 mm). 
In the case that the thickness of the welded material is within 
this range, the arc may become unstable because the welding 
current is set comparatively low and the head progress 
characteristics deteriorate easily, but by using the present 
embodiment, the bead progress characteristics can be 
improved even m this case. 

[0062] hi addition, the deterioration of the bead progress 
characteristics described above occur easily when the tube 
diameter (outer diameter) is not less than 20 mm, and thus 
the effects of the present embodiment becomes remarkable 
in the case that the object is a tube having a tube diameter 
witfam tUs range. 

[0063] In addition, in the case that the object is a com- 
paratively ihin welded material (for exanople, having a 
thickness not more than 3 ma), normally a welding method 
£ used in which filler mateiid is not used. In a welding 
method in which a filler material is not used, the arc may 
become unstable because the welding current is set com- 
paratively low, and the bead progress characteristics may 
deteriorate easily. However, by using the present embodi- 
ment, bead progress cfaaiactcrislics can be improved even in 
this case. 

[0054] The welding current during welding is not particu- 
larly limited, but the welding method of the present embodi- 
ment exhibits remarkable effects in the case that the welding 
current is equal to or less than lOOA- In the case that the 
welding current is within this raogp, the arc may become 
unstable and the bead progress characteristics deteriorate 
casfly. However, by using the present embodiment, even in 
the case that the welding current is low, it is possible to 
improve the bead progress characteristics. 

[0065] If the weMing ^leed is too slow, the welding 
efficiency decreases, and if it is too £asl, the bead progress 
characteristics easily deteriorate. Thus, a welding speed of 
50 to ISO nmi/min (preferably 70 to 120 mmAnin) is 

advantageous. 

[0066] The welding method of the present embodiment 
may use a manual welding method by the manual operation 
of operators, but the present embodiment exhibits a remark- 
able e&ct in the case that an automatic welding method is 
used. The automatic welding method carries out welding 
while moving the welding torch or tbe like by using a drive 
device (motor or the like). In the automatic welding method, 
it is difficult to correct the welding conditions according to 
the state of the process of the welding, and correcting this 
quickly when the bead progress characteristics have dete- 
riorated is not easy. Because the bead progress characteris- 
tics are improved by using this embodiment^ it is possible to 
prevent the occurrence of welding problems even when 
using an automatic welding method. . 

[0067] The welding method of tbe present invention 
exhibits remaikable effects in the case that the total amount 
of Ca in the welded metal, that is, the total amounl of Ca 
inchided in die welded metal obtained from the weldit^ 
start-up to the present point in time, is not less than 20 ^ (in 
particular, not less than 30 /<g). When the total amounl of Ca 
in the welded metal is within this range, the weld pool may 
be covered by a slag having Ca as the main component and 
the bead progress characteristics may deteriorate easily. 



However, by using the present embodiment, even in the case 
that the total amount of Ca in the welded metal is within this 
range, the formation of slag is almost undetectable, and it is 
possible to obtain superior bead progress characteristics. 

[0068] In the present embodimeot, an inert gaspN^ mixed 
gas (a Na concentration of 1 to 95 vol %), an inert gaSpHe 
mixed gas (a He of conoentiatioa 35 to 95 vol %), or an inert 
gas-Nj-He unxed gas (a of conoentratioa not less than 1 
vol % and less than 65 vol %, and a He concentration of 35 
to 95 vol %) is used, and thus it is possible to improve the 
bead progiess characteristics easily without using spccai 
equq)ment or materials. Therefore, it is possible to prevent 
the occurrence of welding problems without lowering the 
welding efiBciency and at a low cost, 

[0069] While the reason that the bead progress character- 
istics can be imptoved in the case that the inert gas-Nj mixed 
gas, tbe inert gas-He mixed gas, or the inert gas-Nj — He 
mixed gas are used is not clear, the following points can be 
inferred as a result of observing the arc in the welding test 

[0070] In the case of using a conventional shield gas, the 
low conductivity slag that indades Ca, Al Si or the like that 
s inchided in the welding material is generated on the wehl 
pool sur&oe, the arc discharge is obstracted because tbe slag 
increases as the welding progresses, the arc heoomes 
unstable, and as a result, it is observed that the arc reaches 
a positbn significantly separated bam the abutted pails, and 
thereby, the bead progress characteristics deteriorate. 

[0071] It can be considered that the improvement of the 
bead progress characteristics due to the mixed gas is because 
the slag either melts into tbe welded metal or is released as 
fume from the welded material due to this mixed gas, and as 
a result, slag is generated with difBculty, and the arc is 
stabilized. 

[0072] In the case that nitrogen is inchided in the mixed 
gas described above (for example, die inert gas-mtcogen 
mixed gas), because inexpensive nitrogoa gas is used, low- 
ering the cost becomes possible in oomparison to tbe case of 
usiug a shield gas consisting only of an inert gas (for 
example, argon) or a mixed gas that indudes helium. 

[0073] In addition, in fixed mbe welding in which the 
welding position changes during the welding process, the 
penetration shape of the weld zone may easily become 
unstable. However, by using this embodiment, it is possible 
10 improve not only die bead progress, but also the penetra- 
tion ^ape of the weld zone by using the mixed gas described 
above. Hicrefore, it is possible to prevent welding problems. 

TEST EXAMPLES 

Test Example 1 

[0074] Automatic TIG welding was carried out in a cir- 
cumferential direction without uang a fifler material on a 
SUS316L stainless steel tube (nominal external diameter, 
g9.1 mm; nominal thickness, 2.1 mm). 

[0075] The Ca coaceotration in the stainless steel tube 
used here is 1 wt4)pm, the Al concenU^tion is 20 wt.ppm, 
and dx Si ooncenta^ation is 034 wt.ppm. Rotational tube 
welding was carried out in which the welding speed was 89 
mm/min, the welding current was a constant value (62A), 
the welding position was flat, and weldiAg was carried out 
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while the welded material was rotated in the cmnunferendal 
direction. Pure Ar was used as the shield gas. 

[0076] The external appcanmoe of the weld zone is shown 
in FIG. 1. Hiis drawing was photographed by spreading the 
welded pipe into a plate shape. It is understood frooi FT6. 
1 that the bead has had imparted thereto a weaving shape. 

Test Example 2 

[0077] Along with pulsing the welding cuncot, butt weld- 
ing of the stainless steel tube was carried oat at a welding 
speed of 178 mm/noin. Hie average welding current was 
120A. Other conditions were identical to those in Tesi 
Example 1. 

[0078] Like the Test Example I, pure Ar was used as the 
shield gas. 

[0079] The external appearance of the weld zone is shown 
in FIG. 2A and FIG. 2B, and a cross section of the weld 
zone is shown in FIG. 3. 

[0080] As shown in FIG. 2A, the bead progress was 
some^at improved in comparison to Test Example 1. 
However, as shown by the reference symbol A in FIG. 2B, 
a part can be recognized at which the abutted parts are not 
completely fused due to the bead being separated from the 
abutted parts. 

[OOSl] As shown in FIG. 3, in this weld zone, the bead 
face (upper surface side) width has become extremely wide 
in comparison with the penetration bead (lower surface side) 
width, and furtbemoie and a concavity has formed at the 
bead center. Thus» the preferable penetrati<» shape has not 
been attained. 

Test Example 3 

[0082] LHoe Test Example 1, the vi'elding of a stainless 
steel tube was carried out at a welding speed of 89 mm/min 
and a welding current having a constant vahie (62A). Al the 
completion of the welding, crater filling (final processing) 
was canied out during which the welding cnnent was 
gradually decreased The other conditions were idenlica] to 
those of Test Example 1. 

[0083] An Ar— N2 mixed gas was used as the shield ga& 

[0084] The external appearance of the weld zone is shown 
in FIG.4. For comparison, the external appearance of the 
weld zone for the case that pure Ar (nitrogen gas concm- 
tratioo of 0 vol %) was used as the shield gas is also shown. 
In the drawing, '^concentration" denotes the concentni- 
lioD in the shield gas. 

[0085] As shown in FIG. 4, in tUe case that the 
concentration in the shield gas was 0.5 vol %, like the case 
in which the nitrogen gas concentration was 0 vol %, 
weaving of the bead was observed. 

[0086] In contrast, in the case that die nitrogen concen- 
tration was not less than 1 vol % (in particular, not less than 
5 vol %), a bead having superior progress characteristics was 
obtained. 

[0087] FIG. 5 shows a cross section of the weld zone 
when the N3 concentration of the shield gas is 50 vol %. 



[0088] It can be understood from FIG. 5 that the differ- 
ence between die penetration bead width and the bead face 
width becomes small, and a preferable penetration shape 
could be obtained. 

[0089] FIG. 6 shows the external appearance of the weld 
zone at the final welding position when the oonoenliation 
of the ^ield gas is 50 vol %, and FIG. 7 shows the external 
appearance of the weld zone v/bsa the concentration of 
the shield gas is 60 vol %. . 

[0090] It can be understood 60m FIG. 6 and FIG. 7 that 
in comparison to the case in which the N2 concentration in 
the shield gas is 60 vol %, in the case that the N2 concen- 
tration is 50 vol %, almost no inegularities are formed in the 
weld zone, and that advantageous crater filling (final treat- 
ment) was possible. 

[0091] In the case that the concentration in the diield 
gas was 100 vol %, the arc becomes unstable during welding 
start-up, and among three tests, the arc failed to igmle in two 
tests. 

[0092] In contrast, in the case that the N2 concentration 
was 95 vol die arc advantageously ignited in all three 

tests. 

[0093] From these test results, it was understood that in the 
case in which an Ar— N2 mixed gas having an N2 concen- 
tration of 1 to 95 vol % was used as the shield gas, bead 
progress characteristics could be improved, and feather- 
more, the arc was advantageously ignited. 

[0094] In addition, it was understood that when the N2 
concentration of the shield gas was not les than 5 vol %, the 
bead progress characteristics became even more advanta- 
geous. In addition, it was understood that when the N2 
concentration was not more than 50 vol %, the crater filling 
(final treatment) could be advantageously canied out 

Ibst Example 4 

[0095] Weldiqg was canied out as in Test Example 3, 
except that a mixed gas consisting of Ar and He was used as 
the shield gas. 

[0096] The external appearance of the weld zone is shown 
in FIG. 8. In the drawing, "concentration" denotes the He 
concentration in the shield g^s. 

[0097] As shown in FIG. 8, in the case that the He 
concentration in the shield gas is not more than 30 vol %, 
weaving of the bead was observed. 

[0098] In contrast in the case that the He concentration 
was not less than 35 vol %, a bead having superior progress 
characteristics was obtained. 

[0099] FIG. 9 shows a cioss section of the weld zone 
when the He concentration in the shield gas was 50 vol %. 

[0100] It can be understood tosn FIG. 9 that in this weld 
zone, the difieience between the penetration bead width and 
the bead face width became small, and a preferable penetra- 
tion shape was obtained. 

[0101] In the case that the He oonoentration in the ^Id 
gas was 100 vol %, the arc became unstable during the 
weldiz^ start-up, and amoi^ duee tests, the arc failed to 
ignite in two tests. 
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[0102] In contrast, in the case that the He ooncentr&tioo is 
95 vol %, the arc advantageously ignited in all three tests. 

[0103] From these test results, il can be understood thai in 
the case in which an Ar— He mixed gas having a He 
conoentration of 35 to 95 vol % is used as the shield gas, it 
is possible to improve the beadpiogrtss characteristics, and 
fiirtbennoce, the ignition of the arc was advantageous. 

Test Example 5 

[0104] Automatic TIG welding was carried out on a stain- 
less steel pipe on tlie hoiizontaDy fixed tube in a drcuni* 
ferential direction. 

[0105] Pure At or an Ar-Nj mixed gas (N2 concentration of 
50 vol %) was used as the shield gas. The welding current 
has the same conditions for one rotation around the tube. The 
other conditions were identical to tfaoGC in Test Example 1. 

[0106] In the horizontal fixed tube welding, because the 
welding position changes during the process of the wtldiqg, 
the position of the slag in the weld pool also changes, and 
the arc becomes unstable ca.sily. 

[0107] Dae to this, in the case that the At is used in the 
shield gas, the bead width did not stabilize abd the penetra- 
tion was locally insufficient under conditions in which the 
welding current were identical for one lotatioo arotiod the 
tube (refer to FIG. lOA). 

[010^ In contrast, in the case that ao Ar— mixed gas 
was used, tbe bead width is almost completely constant, and 
the stabitity of the penetration was superior (re&r to FIG. 
IDS). 

[0109] From these figures, it can be uodeislood that in the 
case that an Ai — N3 mixed gas was used, even imder simple 
conditions tn which the weldii^ current is identical for one 
rotation aronnd the tube (constant over the entire welding 
process), superior results were obtained with reject to the 
progress characteristics of the bead and the penetration 
shape and the like. 

Test Example 6 

[0110] Welding is carried out on SUS316L stainless steel 
tube (welded material) having an outer diameter of 60.5 mm 
and a thickness of 1.65 mm using Ar as a shield gas. The 
other conditions are identical to those of Test Example 1. 

[0111] Table 1 shows tbe results of analyzing the compo- 
nents of the welded mateiial and (he slag components 
observed 00 the welded metal surface. The Ca, Al, and Si 
concentrations in tbe base metal (^^xlded material) are 
extremely low, while in contrast, these components are 
extremely concentrated in the slag in large amounts. The 
concentrations of each of the elements in comparison to the 
base metal are: Ca, 42,000 times; Al, 850 times; and Si, 40 
times. 

[0112] In particular, no matter how low the content of the 
Ca, which is strongly oxidizing, in the base metal, it is tbe 
cause of slag formation, and thus has a detrimental effect on 
the welding characteristics. 



TABLE 1 





Fe 


Cr Ni 


Mo 


Gi 


Si 


Al 


WELDED 


BaL 


16.66 1162 


2.15 






0.003 


MATERIAL 












2^ 


SlAG 


57.4 


16.21 11J5 


3.00 


2a69 


15.07 



(uii&:wt %) 

[0113] FIG. 11 ^ows the r^ults of investigatiog over the 
entire welding process Ihe amount of deviation at tbe bead 
center from the abntted parts (the anu>imt of deviation in the 
axial directioo of the tube) for one rotation aiound the tube. 
The abscissa shows the total amount of Ca m the welded 
metal, that is, the total amount of welded metal obtained 
from the weldii^ start-up to the present point in time 
multq}lied by the Ca coocentiation in (his staudess steel 
tube. The oidtnate shows the amount of dw devtatioD in the 
tube axis direcdoo of the center of the bead with respect to 
the abuued pans. The amount of deviation has a poshive 
value in tbe case that the deviation is in the direction of the 
tube axis and negative in other diiectioos. 

[0114] As shown in FIG. 11, it can be understood that in 
the case that the total amount of the Ca in the welded metal 
is not less than 20^ (in particukr, not less than 30^, the 
deviation oi tbe bead becomes lai^. 

[0115] In contrast, in the case that welding tests are cankd 
out using an Ar — Nj mixed gas (N^ oonoentration of 1 to 95 
vol %), an Ar— He mixed gas (He concentration of 35 to 95 
vol %), or an Ar— Nj— He mixed gas (N2 conccnlratiDn not 
less ih an 1 vol % less than 65 vol %; He concentration of 35 
to 9S vol %), almost no bead deviation can be disoemed. 

[0116] From results of the welding tests having as an 
object a plurality of welding materials having differing Ca, 
Al, and Si concratntions respectively, il can be understood 
that the minimum values of the range of the oonoentration of 
Ca, Al, and Si for wMch tbe welding method of the present 
Ibst Examples is effective in terms of bead progress aid the 
lilce, are respectively 1 wtppm, 10 wt^un, and 03 wt.ppm. 

[0117] Based on these test results, it can be understood that 
when the concentrations of each of the components 
described above in the welding material are in the rai^e 
shown bebw, the welding method using the shield gases 
described above has a remarkable e&ct in lermsof the bead 
progress and the like. 



0.42SiOOOxCa concentrat£ofl+2QxAl coDantiatioo+ 
Si coAcentfalioD (where all uoits of concmtratian are 

[0118] Furthemiorc, based on these test results, il can be 
understood that when the concentrations of each of the 
components described above in the welding material are in 
the range shown below, the welding method using the shield 
gases described above has even more remarkable effects in 
terms of the bead progress and the like. 

(X90£aQOOMCb cooceDlntioiH^20)cA] coonntntioiH- 
Si coQceaintioD (when tXl umta of conoaDtnUon are 
WL %) 

[0119] While preferred embodimoits of the invention 
have been described and ilhistrated above, it should be 
undeistood that these are exemplary of the invention and are 
not to be considered as limiting. Additions, omissions. 
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substitutions, and other modifications can be made without 
departing from the spirit or scope of the present iovention. 
Accordingly, the invention is not to be considered as being 
limited by the foregoing description, and is only limited by 
the scope of the a|>peaded claims. 

1. A aiding shield gas for aoD-consumable electrode arc 
welding of a welding material comprising austemtic stain- 
less steel having a Ca cx)ncentration not less than 1 wt.ppm, 
the welding shield gas comprising: 

an inert gas and mtrogen gas, the concocttratbD of the 
nitrogen gas being 1 to 95 vol %. 

2. A welding shield gas for non-consumable electrode arc 
welding of a welding material comprising austenitic stain- 
less steel having a Ca concentration not less than 1 wlppm, 
the welding shield gas comprising: 

an inert gas and helium gas, the concenliation of the 
helium gas being 35 to 95 vol %. 

3. A wdding shield gas for nim-consumablc electrode arc 
welding of a welding material comprising austenitic stain- 
less steel having a Ca concentration not less than 1 wLj^m, 
the wcldii^ shield gas coniprising: 



an inert gas, nitrogen gas, and helium gas, the concentra- 
tion of the nitrogen gas being not less than 1 vol % and 
less than 65 vol %, and the concentration of the helium 
gas being 35 to 95 vol %. 

4. A welding shield gas according lo claim 1, the welded 
material comprising: 

at least one of Al at a concentration not less tiian 10 
wtppm, and Si at a concentration not less than 03 
wt.ppm. 

5. A welding shield gas according to claim 1, wherein the 
inert gas is argon g{is. 

6. A welding method for non-consumable electrode arc 
welding of welded material comprising austenitic stainless 
steel, the wdding method oon^irising: 

a step of using the weldii^ shield gas according to claim 

7. A welding method according to claim 6, wherein the 
welding method is applied to fixed mbe welding. 

0 0*** 



